INTRODUCTION
In the present study, the application of geometry exploration activities with Dynamic Geometry Software (DGS) Cabri Geomtery II Plus computer technology to construct a geometry proof during a geometry course in a teacher education classroom was investigated. Cabri Geometry II Plus (henceforth Cabri II Plus) is a computer application that helps students visualise abstract concepts on geometry, so students can easily understand and easier to arrange geometric proofs. (Maarif, 2017) . The computer application enables students to construct dots, lines, triangles, circles and other plane geometries complete with calculations (Mariotti, 2002) . Cabrilog as cited in Laborde (2002) suggests other benefits of Cabri Geometry II Plus, including simple and user friendly interface, understandable icons and fonts, support features for geometry learning, and export import facility.
The term geometry proof in this paper is operasionalised as a valid argument that establishes the truth of the statement (Jones & Rodd, 2001 ). This argument is used to provide evidence or persuade other people to accept a belief (Bell, 1978) through sereies of explanations, findings, relation between mathematical ideas and the geometry problems (Marrades & Gutiérrez, 2000) and systematic statements in an axiomatic system (Knuth, 2002) . Bell (1978) suggests six alterantives that can help establish evidence or persuade people, inlcuding personal experience, acceptance of authority, observations of instances, lack of a counterexample, the usefulness of result, deductive argument. The later, the deductive argument is viewed as best alternative that can help to construct a geometry proof. It is because deductive reasoning employs the law of logic in relating the true statement to come to the right conclusion.
In mathematics classroom context, several studies have shown that students experienced difficulty in compiling geometry proofs. Students feel difficult to visualise the concept of geometry. Consequently, they cannot analyse, define conjecture, justify the problem and moreover to compiling geometric proofs (Knuth, 2002; Mariotti, 2002; Mariotti & Balacheff, 2008) . In preparing the proofs, students have trouble making intuition and only working on certain cases. As a result, the student can not determine the general form of proof, make a mistake in the proofs procedure and in selecting the technique, and the students also unable to apply counterexample in proofing. (Moore, 1994; Weber, 2005; Selden & Selden, 2008; Arnawa, 2010; Perbowo & Pradipta, 2017) . To address this difficulties, DGS, particularly Cabri Geometry II Plus has been used in classroom instruction to explore geometric materials. The objective of exploration through such an applicaiton is to construct conjectures, justify and formulate ideas of proof (Jones, 2002 , Rodríguez & Gutiérrez, 2006 Mariotti, 2002; Oldknow, 2009; Baccaglini-Frank & Mariotti, 2010; Kilic, 2013 , Maarif, 2017 . According to Sánchez & Sacristán (2003) , the use of tools such as DGS brings the possibility that students can understand the various geometry concepts that can help students in constructing a geometric proof. The activity of manipulating geometric shapes can help students to find and justify conjectures (Maarif, 2017) . This current study address two research questions as below: 1. Does the preservice teachers' application of geometry exploration activities with DGS Cabri II Plus computer application affect their ability in constructing geometry proof? 2. How do the preservice teachers perceive the application of geometry exploration activities assisted by DGS Cabri II Plus computer application?
METHOD
A mixed-method design that combines two research strands i.e. quantitative and qualitative strand was adopted in this study (Creswell, et al., 2007) . The quantitative research was carried out to examine the effect of the application of geometry exploration activities assisted with DGS Cabri II Plus in constructing a proof of geometry of pre-service teachers. In the quantitative stage, a quasi-experimental design was developed. A total of 72 preservice teachers attending Geometry course participated in this study and were grouped into an experimental and control groups. The experiment group received an intervention where DGS Cabri II computer application was incorporated during preservice teachers' geometric exploration activities in their attempts to construct geometry proofs. While in the control groups, the activity was conducted with a paper based-media. Intervention in the Experimental group Intervention in the control group 1. Teacher explained the students about geometry theorem
Teacher explained the students about geometry theorem 2. Teachers gave a geometry proof problem to the students
Teachers gave a geometry proof problem to the students 3. Students constructed geometry theorem on DGS Cabri II Plus worksheet Students constructed geometry theorem manually on a piece of paper 4. Students manipulated the figure they already constructed on the worksheet. The manipulation included labelling, determining the size of sides, angles and etc. using the software Students manipulated the figure they already constructed on the worksheet. The manipulation included labelling, determining the size of sides, angles and etc. on the paper 5. Students highlight conjectures by labeling the causal effect between them on the worksheet for the proof construction Students highlight conjectures by labeling the causal effect between them on the worksheet for the proof construction 6. Students reconstructed geometry shapes they made in DGS Cabri II Plus, with information related to manipulation for constructing proof Students reconstructed geometry shapes they made on the paper, with information related to manipulation for constructing proof 7. Students developed the proof from conjectures they already determined Students developed the proof from conjectures they already determined 8. Students were encouraged to re-examine the geometry proof they already constructed
Students were encouraged to re-examine the geometry proof they already constructed 9. Teacher guided students' exploration activity to help them explore a proof
Teacher guided students' exploration activity to help them explore a proof 10. Students were given problems related to geometry proof
Students were given problems related to geometry proof 11. Students operated DGS Cabri II Plus to helped solve the problem they intended to prove Students operated DGS Cabri II Plus to helped solve the problem they intended to prove 12. Students presented and explained the geometry proof Students presented and explained the geometry proof 13. Teacher and students together concluded the lesson Teacher and students together concluded the lesson
In addition, in the qualitative stage, preservice teachers' perception about of the exercise of geometric exploration activities assisted by Dynamic Geometry Software (DGS) Cabri II Plus computer application was explored.
Data collection instruments and analysis
The collection of the data in the current study were gathered using two methods. The quantitative data were collected through two set of tests: pre-test and post-test. These two tests were purposefully developed to evaluate students' ability in constructing a four item geometry proof, including conjecturing, formulating a statement, exploration, the selection and combination of coherent arguments, testing result, and writing a formal proof (Reis & Reinkl, 2002) . The pre-test was distributed to all participants from both experimental and control class before the Geometry course commenced and the post-test was given to the participants after eight weeks of application of geometry exploration activities assisted with DGS Cabri II Plus ended. The collected quantitative data were analysed statistically using SPSS software.
In addition to the quantitative data, the qualitative data were gathered through observation and interview. Two of seventy two preservice teachers' classroom activities from the experimental group were intensively observed and interviewed. Both observation as well as interview were video-recorded. Although the section of two out of seventy two preservice teachers rose concerns related to subjectivity as well as the validity of the finding from the qualitative data, the selection of small sample of two preservice teachers was purposefully to help the researchers focus and understand the detail of construction process of geometry proof with the use of DGS Cabri II Plus computer application. The recorded observation and interview first were transcribed verbatim. The qualitative data were then coded and analysed using a thematic analysis.
RESULTS AND DISCUSSION

Research question one:
Does the preservice teachers' application of geometric exploration activities with DGS Cabri II Plus computer application affect their ability in constructing geometry proof?
The first research question concerned whether the preservice teachers' application of geometric exploration activities with DGS Cabri II Plus computer application affect their ability in constructing geometry proof. To address the first research question, the research hypotheses were developed as below:
There is no mean difference on the pre-and post-tests between the experimental and control group, p-value > α with α is at 0.05
There is a mean difference on the pre-and post-tests between the experimental and control group, p-value ≤ α with α is at 0.05
As mentioned earlier, the quantitative data were gathered using pre-and post-tests and the collected data were analysed statistically using t-test. Table 2 and Table 3 below present the statistical description of the data from the two groups and the t-test result respectively. Table 3 as above shows that the calculation of t-test of preservice teachers' post-test resulted the t value of 3.279 with the p-value of 0.002. In reference to the research hypothesis, the pvalue was observed to be lower than α = 0.05 (0.002 <α = 0.05), allowing the rejection of . The rejection of H 0 hypothesis indicated that there was a difference in preservice teachers' ability in geometry proof construction between the experimental and control groups. By observing the mean score as in the Table 2 , it was shown that the preservice teachers in experimental group achieved better than those in the control group (Experimental group, mean score 15.278; the control group, mean score 13.917). In other words, the application of DGS Cabri II during geometric exploration activities helped teachers construct geometry proof better than those who did not use the application. To follow up the finding, the effect size test was calculated and the finding showed that the effect size was observed at .631 or at medium level.
The quantitative finding of the current study is in line with earlier study by Goldenberg (1995) and Laborde (2002) . Goldenberg (1995) investigated the application of computer based mathematics learning at school suggested. The finding of his study suggested that the incorporation of computer technology in mathematics learning provided positive effect on students' criticality as well as creativity. Specifically, the finding showed that students' who used computer application in their mathematics learning achieved better in mathematics test compared to those who did not. Similarly, Laborde (2002) study examined the effect of Cabri Geometry use in mathematics classroom on students' mathematical representation ability. The result of her study showed that the Cabri II Plus use in junior secondary mathematics classroom affected positively on students geometric learning compared to the conventional method.
Research question two:
How do the preservice teachers perceive the application of geometric exploration activities assisted by DGS Cabri II Plus computer application?
The second research question explored teachers' perception about the application of geometric exploration activities assisted by DGS Cabri II Plus computer application. As 
The names of Dilla and Lia are pseudonymous
The classroom narrative was employed to present the detail account of the application of geometry proof construction activity assisted by the DGS Cabri II Plus. The classroom instruction was below:
Prove that: If on , the sides AC and BC each constructed equilateral triangle i.e. and outside , then .
The following subsections detail Dilla and Lia's exploration in their attempts to construct geometry proof.
Detailed account of Dilla's exploration
Dilla constructed an equilateral triangle ABC. On the AB and BC sides, she create an equilateral triangle ABD and CBE. Then, Dilla attempted to determine the length of the side of PE, AP, CQ and DQ by using existing services on Cabri II Plus. Figure 1 below draws Dilla's exploration using Cabri II Plus. Volume 7, No. 2, September 2018 pp 133-146 139 As shown in the figure, the exploration shows that AP = PE = CQ = DQ = 3 cm. This was reflected as Dilla thought CQ + QD = PE + AP and this led her into a conclusion of AE = DC. Although Dilla misinterpreted the problem that the triangle ABC was known to be an arbitrary triangle not just an equilateral triangle, Dilla presented its conjecture by making an equilateral triangle. Throughout the exploration activities using Cabri II plus, Dilla invented an idea of new proofing on herself (See Table 4 , A4 / 1), where the idea has never been thought of before. Figure 2 below details Dilla's construction process. From the interview above, it was shown that Dilla apparently employed a different perspective about the concept of the two triangular congruences. Typically, when it comes to the concept of congruence of two triangles, Dilla should have connected to the corresponding sides length, and the corresponding angles which allowed her to obtain the fact that the sides were actually at the same length, and the angle was the same. However, Dilla argued that if two triangles were congruent, then the height of the one corresponding side would also be equals. Her argument indicated that exploration with Cabri II helped Dilla constructed a novelty answer. Geometry exploration activities with Cabri II plus thus may shape the novelty of individual thinking which thus promote the development of a geometric proof ability.
Figure 1. Results of Dilla Exploration Using Cabri II Plus
With regards to determination of the conjecture, Dilla misconstrued the proof from which she was observed to pay a little attention to the notation on the construction of the image. As suggested in the DGS Cabri II plus manual, users are required to focus on the correct geometric image notations. In the Cabri II plus application, users could use angle and label to determine geometric image notations. Despite of misconstruction Dilla had made, Dilla exploration activities in Cabri II plus had helped Dilla in creating a diagram of the verification problem correctly (see Table 4 , A1/1 and figure 2). In addition, during her exploration activity, Dilla was observed to take one case of an equilateral triangle. While, the problem of proof is fundamentally an arbitrary triangle which also included types other than an equilateral triangle. The positive aspect from Dilla's exploration however, Dilla was able to use her knowledge to determine a new conjecture in relation with the concept of two triangular congruences.
Interviewer
Detailed account of Lia's exploration
During an observation on Lia's exploration activity, it was observed that Lia had made several attempts to explore the problem by creating any arbitrary triangle ABC. Lia then adjusted the triangle into an equilateral triangle, each was on AB and BC side. Lia put forward a conjecture put to indicate two congruent triangles. Different colours were applied to highlight a mutually congruent.
In the next step, Lia was observed to determine the length of the AB=BD= 6 cm, BC =BE=7 cm and . Such a length determination enabled Lia to make a conclusion that that led AE=BE. To this stage, Lia was shown to have an ability to illustrate the problem in reference to the image that she had constructed using Cabri II plus. Throughout the exploration activities, Lia was enabled to explore ideas herself in order to help her solve the problem of proof. Lia's result of exploration is drawn in Figure 3 below.
Figure 3. Results of Lia's Exploration Using Cabri II Plus
To better understand about Lia's exploration, we conducted an interview. Here are the results of the interview. From the above interview, students' exploration with Cabri II plus was shown to enable them to obtain conjectural solutions for a proof. Applying colours to the two triangles that they considered congruent, was a creative step during the exploration stage. Moreover, the exploration tools in Cabri II plus seemed to have helped the students in determining the length of the sides or the degree of the angles in order to justify the validity of the argument (Coded A2/1) and the statement in the proof (Coded A3/1). After the exploration, Lia wrote down the proof to explain her exploration activities and it is presented in the following figure 4. The qualitative finding as revealed in the current study suggest benefits from incorporating DGS Cabri II Plus in students' geometry learning. The use of such a computer application helped students in creating and presenting the geometry proof construction. This finding corresponds Mariotti & Balacheff (2008) thought the existence of visual tools may help students to understand and construct the logic of proofing. It is because, as Marrades & Gutiérrez (2000) views, geometry proof functions to explain, discover, as well as communicate mathematical alternatives to address issues in geometry. To this view, visual tool helps students to develop a theorem that they will use to construct a proof. The qualitative finding of the current study has shown that with the use DGS Cabri II Plus, students were given opportunities to create and manipulate figures which allowed them to point out valid conjectures. More importantly, from students' exploration activity it was shown that Cabri II Plus enabled them to construct a valid argument by dragging the figure construction they had already created, adding guidelines and setting up the lengths and angles (Maarif, 2017) . The finding is also in line with what several authors (e.g. Jones, 2002 , Rodríguez & Gutiérrez, 2006 Mariotti, 2002; Baccaglini-Frank & Mariotti, 2010; Kilic, 2013; Maarif, 2017) have suggested that the use of DGS in geometry learning facilitate geometry exploration activity, particularly in reference to determining conjecture as well as developing alternative to construct a geometry proof.
Interviewer
CONCLUSION
This current research addressed two research questions. First the research question concerns with whether the preservice teachers' application of geometric exploration activities with DGS Cabri II Plus computer application affect their ability in constructing geometry proof.
Findings from the experimental research in the study showed that there were mean difference in geometry tests between students who used DGS Cabri II Plus in constructing geometry proof and those who did not. In other words, students' use of DGS Cabri II Plus in constructing geometry proof helped improve their attainment in geometry test. The effect size of such use of DGS Cabri II Plus was at a medium level.
Second research question asks how the preservice teachers perceive the application of geometric exploration activities assisted by DGS Cabri II Plus computer application. Findings from observation and interview showed that students' exploration activities in DGS Cabri II Plus benefited students in constructing geometry proof. In particular, it helped students to create correct diagram of the problem, determine a valid conjecture, justify the statement in a written proof, and facilitate the students in exploring alternative ways to construct geometry proof.
